This Page Is Inserted by IFW Operations 
and IS not a part of tlie Official Record 

BEST AVAILABLE IMAGES 

Defects in the images may include (but are not limited to): 

• BLACKBORDERS 

V TEXT CUT OFF AT TOP. BOTTOM OR SIDES 

• FADEDTEXT • 

ILLBGBLETEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACKORVERYBLACKANDWHITEDARKPHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY 

As rescanning documents will not correct images 
please do not report the images to the ' 
Image Problem Mailbox. 




PAimT SPECIFICATION 

DRAWINGS ATTACHED. 



Date of Application and filing Complete Specification: 
3 Aug., 1966. No. 34778/66. 



1,121,719 



Application made in United Stat.es of America (No. 498.696) on 
20 Oct., 1965. . 

Complete Specification Published: 31 July, i^l^M^ li;^. 

©*' Crown Copyright 1968. ^ 

Index at Acceptance:— H? K^ID, 17, 19, 20, 23X)^; Gl U(5AI, 5B1, 5M13, 5KIr9^3MX); 111 

' R(ICX, 1 P, 3A, 3CX' 3S) ; H4 A(2, 4M. 4A2X, 6C) ; H4 L19. 
I.'Jt.C!.: — H02h3/06. ^ 

COMPLETE SPECIFICATION. 

Control and Measuring System for High Voltage Electric Power 

Transmission Systems. - r 



We. S & C Eu-CTkic Company, a cor- 
poruiion organized and existing under the 
laws of the State of Delaware. United States 
of America. Of 6601 Ridge Boulevard. 
5 Chicago. Slate of Illinois. United States of 
America, do hereby declare the invention, 
for which we pray that a patent may be 
i;ranted to us. and the method by which it 
IS to be performed; to be particularly des- 

10 cribed in and by the toilowing statement: — 
This invention relates, generally, to means 
for remote measuring of an electric circuit 
variable e.g., current, and for circuit breaker 
control in connection with high voltage alter- 

15 naling and direct current electric power 
transmission syslcn^s operating at voll:^ges 
ranging from I3H Kv to 750 Kv but it is 
not limited to this voltage range. 

According io this invention means are 

20 pnwided for transmitting a signal corres- 
ponding to the magnitude of a variable at 
the potential of a high voltage conductor 
and lor receiving said signal at a remote 
point at ground potential comprising a 

25 radio transmitter adapted to operate at the 
potential of said conductor and to be modu- 
lated by siiid variable to transmit said sig- 
nal, a radio receiver at said remote |X)ini 
resptmsive to said signal from .said trans- 

30 mitler iu provide an i>iUpul corres|X)nding 
to said variable, .said Iran.smitter including 
means ni>rmally non-conducting and 
rendered conducting when said variable 
reaches a predetermined value to cause said 

35 transmitter to transmit to .siiid receiver, 
means responsive to the output of said re- 
ceiver, and said receiver including mcan> 
normally non-conducting and rendered con- 
ducting a predetermined time after applica- 

40 tion of sxiid signal to s^iid receiver to' apply 
^ Price 4s. 6ei.] 



said output to said output responsive, means. 
A frequency nuvJulation system is eni: 
ployed in which the carrier frequency of the 
transformer is mtxiulated as a function of 
the current How in the high voltage conduc- 
tor. 

In the accompanying drawings: 
Fig; 1 shows diagrammatically a circuit 
, breaker control and current measuring sys- 
tem for high voltage electric power trans- 
mission systems embodying. this invention, it 
being understood that/ duplicate c.|uipment 
is provided for each of the other phases of 
a polyphase alternating current transmission 
systenfi. 

Fig. 2 is a vertical .sectional view of a co- 
axial shunt that is connected in the high 
voltage transmission line. 

Fig. 3 is a top plan view of the coaxial 
shunt shown in Fig. 2. 

I ig. 4 shows the circuit connections for 
the i>ower supply circuit for the frequency 
nuKlulated transmitter located in the co- 
axial . shunt. • 

I ig S shows the circuit connections for 
the frequency nuHlulaled transmitter located 
in the coaxial shunt. 

Figs. (\ 7 and 8. placed in side-by-side 
relation in the order named, show the cir- 
cuit Ci)nnections for the frequency modula- 
tion receiver. 

I'ig. shows the circuit connections for 
the tran.sconductance feedback amplifier. 

Referring to Fig. 1, the reference charac- 
ter 10 designates a high voltage electric 
power transmission line or conductor which 
is insulated by .suitable insulation from 
ground. It is arrang^l (o operate at volt- 
ages»ranging upwardly to 750 Kv or higher. 
The conductor 10 comprises one phase of t 
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polyphase alternatuig current system. Where 
it i itxt current is uswi, it comprises the un- 
grounded conductor. 
It is desirable^ to provide-for measuring 

5 — the* current- flow! inUhe. coriductor .10 for„ 

metering purposes and also, jQc^controlling 
the operation of a circuit breaker, such ^s 
the circuit interrupter indicated, generally, 
^at 11 the contacts of which arc connected 
10 'in the conductor lO'for completing the cir- 
cuit therethrough. The ci oijit interrupter II 
can b^ of conventional construction. The 
, tripping afrangcmer^t for the circuit inter-' 
rupter 11 is illustrated diagramm^tically. It 
15 includes a* trip coil 12 that is arranged to 
be energized from ^ ''•citable source.- such 
as a battery 15 on closure of contacts 14 of 
an ovcrcurreut relay 15. The relay 15 may 
be a conventional inverse time current relay 

20 (hat is provided with an operating winding 
16. A static relay can be used. Also pro- 
vision can be made for reclosing the circuit 
interrupter 11 subsequent to operating of 
the relay 15 f(^r tripping it. 

25 It is desirable to pr<wide for measuring 
the current flow in the' conductor 10 and for 
this purpose a current responsive device in- 
dicated at 17 is cmp.wyed.* The current re- 
spi)nsivc deyicc 17 may be an ammeter, a 

•^0 current element of a wattmeter, the curreni 
element of a walthour meter, the current ele- 
D.ent of a power factor meter, a recording! 
oscillograph, etc. 

Ordinarily a number of windings 16 and 

35 current responsive devices 17 are connected 
for energization in series circuit relation. 
The impedance of these circuits may var> 
depending upon the operating characierislics 
of the particular devices. While it is de 

^ sirabic that provision be made for i>peraling. 
them in accordance with or on predeter- 
mined curreni flow, in view of. the varying 
inijKdance i>f the respective circuits, it is 
desirable that provisioji be made for n)ain- 

^5 taining at a ct>nslanl value the nieasured 
current flow in such manner that it is in- 
dc|K*nilent of the varying impedance. For 
this purpose there is provided an ampliHer 
that is indicated, generally, at IX. This 

50 may be a iran.sconduclance fecxlback ampli- 
fier. 0:!ier signal ct>nditii>ni.ng devices can 
be employed also. For voltage responsive 
devices the i>ulpul fn»m the receiver, to be 
described, can be used directly ox ampli- 

55 fici! u> i'ppear as a voltage source. 

For nicasiirinji the current fhnv in the con- 
ductor 10 there is provided a coaxial shunt 
that is inilicated. generally, at 20. It in- 
cludes an inner tubular conductor 21 of an 

6<) appropriate metal which forms a resistive 
section for a purpose to be ilescribeil. Th? 
inner tubular conductor 21 is connected by 
a lower terminal plate 22 to an outer tubu- 
lar conductor 23 thai is u>axially related 

65 thereto and coextensive therewith and is 



formed preferably of a higli conductivity 
material. A^ Hoatmg ground connection to 
. the coaxial shunt 20 is indicated' at 24. 

Withm the coaxial shunt 20 there is 
Jpcated a fr^ radio trans- 70 

mitter w)iich is' ihdiaitcd/ generally, at 25:' 
It includes a crystal controlled frequency . 
nuklulated oscillator 26 which is conneclcl 
by coaxial conductors 27 and 28 to metal- 
lic end caps 29 and 30 located a: the ends 75 
ot the outer tubular conductoi 23. The 
• metallic end caps 29 and 30 provide the 
antenna fur the transmitter 25. They are of 
such size and shape as to resonate at the 
frequency of the crystal controlled fre- 80 



quency modulated oscdiator 26. \:\ addition 
. the nid^lallic end caps 29 and 3o together 
with tne inner and outer tubular conduc- 



tors 21 and 23 eircctively shield the radio 
transmitter 25 and provide a configuration 85 
from which the emission of /:orbna at the 
potential ofuhe conductor 10 is minimized. 

The construction of the coaxial shunt 20 is 
such that it not only minimizes corona 
emission but also it shields the transmitter 90 
25 from the elTects of the relatively strong 
electromagnetic field generated by high or 
short circuit current flow in the conductor 

10. The net magnetic lielcl within the inner 
tubular conductor 21 is pr.4Ctically zero for 95 
any current in conductor 10, 

fhe radio transmitter 25 includes a modu- 
lation cimircil 31 which is^connected by con- 
ductors 32 and 33 to spaced points 34 and 
35 along the inner tubular conductor 21 be- 100 
twcen which a voltage drop appears '* nt is 
a linear function of the magnitude ot the 
curreni flow in the conductor 10. The 
moilulation control 31 provides selectable or 
variable nunlulation .sensitivities to, in 105 
essence, change the transmission ratio of the 
sysiem at any level over the dynamic range 
of the system such as 50 to IO.(X)0 amperes; 
2(K) to 40.000 am|>eres. 4(H) to 80.(X» 
amperes, oic. Also the nuxlulation control HO 
31 makes possible limitation o( the maxi- 
nuim frequency deviation of the system to 
vari*uis levels such as not to exceed fhe 
band pa.ss of the receiver. Instead a 
linear re!alii»nship between bus current and 115 
frequency deviatiiwi being used, a logarith- 
mic function can be employed ti> increase 
the effective range. 

I-'or energizing the radio iransmillcr 25 a 
power supply 36 is employed for energi/a- 120 
tion as the restilt of current flow in the 
contluci*)r 10. Other sources of energy can 
be employed such as a battery, scalar cells, 
etc.. particularly when flow of direct current 
in the C4>nduct»>r 10 is to be measured and 125 
a corresponding signal transmittetl. 

The power supply 36 is arranged to limit 
the voltage applied to the radio transmitter 
25 The supply 35 is connected for ener- 
gization to the conduct4>r 10 by a trans- 130 
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former that is indicated, generally, at 37 
and located within the metallic end cap 29. 
If desired, it can be located exlcrioriiy to 
the end cap 29.. The transformer 37 em- 
. 5 ploys the conductor 10 as a single turn pri- 
mary winding. The conductor 10 extends 
through a saturable magnetic core 38 for 
' the purpose of limiting the induction of cur- 
rent in a secondary winding 39 .on the core^ 
10 38. The saturable core 38 is employed 
- since it is likely that the conductor 10 will 
have a relatively high current flo\y therein 
greatly in excess of normal load current flow 
Such excess current flow takes place under 
15 fault conditions, and. except for the satur- 
able characteristJ'- the core 38 and the 
following limilcr. would induce an unusuahy 
high voIlai!C in the secondary winding 39. 
Tlie core 38 also has relatively high induc- 
20 lion ai low levels of current flow jri con- 
ductor 10.. so that an adequate voltage and 
piwcr t)ut|)ut arc available at low current 
flow in the conductor 10. 

Since the frequency at which the frc- 
25 qircncy modulated transmitter 25 functions 
is aiTcctcd by the voltage from the power 
supply 36 Ihtre is provided, as described 
h'Tcinaftcr. a voltage responsive deyicii and 
regulator in the power supply 36. The do- 
30 vice cncruizes the transmitter only upon tlv: 
applicaiiop of an adequate voltage. This 
voltage is such that the frequency modulated 
oscillator 26 v/ill function substantially at 
its center frequency when turned on and 
35 thus wiji not transmit an improperly modu- 
lated carrier. Provision is made for turn- 
ing on the power supply 36 to energize the 
Dscillator 26 only when a pro|KTly filtered 
and rcuulalcd vt)ltage is available for this 
40 purpose. Current flow in conductor 10 
must he above a certain ilueshold Jor this 
li> happen. A supply voltage with a high 
ripple wi)uld be undesirable since it would 
apixrar as elfective mndulaiion i>f the carrier. 
45 The frequency modulated signal radiated 
from the antenna farmed by the end caps 
2*) and 30 is picked up by an antenna 42 
of a frequency mi>dulation receiver that is 
indicated, generally, ai 13 and also is.indi- 
50 caled as being groimdeil at 44. Since there 
i.s nt) direct connectiim between the conduc- 
tor 10 *>r any part associated •herewith and 
the receiver 43. it is possible to take ad- 
vantage of the insulation normally provided 
55 for the conductor 10 and it is not necessary 
to pnwide any other insulalii>n for the 
transmitter 25 or receiver 43 which, as 
ptnnted out, is arranged and adapted to 
t)pcraie at ground potential. The system 
60 fmiciions entirely indcpenilently of the 
pi>tential of the comiuclor 10 with respect 
to ground or other contluctors. Thus, it 
may be api*lied to a power system operating 
at any voltage. The circuit details of the 
65 receiver 43 will be set forth hereinafter. For 



present purposes 'reference is made to the 
diagrammatic showing in Fig. 1. The in- 
coming signal from the antenna 42 is fed to 
a radio frequency, double tuned amplifier 
arid mixer 45 with which there is provided 
a tunable crystal oscillator 46. The output 
.of the crvstal oscillator 46 beats with the 
received, frequency modulated signal in the 
mixer to provide an intermediate frequency 
which is applied to a crystal filter 47 for 
removing, m part, extraneous frequencies 
consisting of mtcrfering transmissions, in- 
ternally generated receiver , noise, and im- 
pulse and atmospheric noise. The output 
of the crystal filter 47 is applied to an inter- 
mediate frequency amplifier and limiter 48. 
Another crystal^^ filler 49 is employed be- 
tween the mtermediate frequency amplifier 
and limiter 48 and the denuxlulalor and 
squelch 50 for the purpose of further ex- 
cluding extraneous frequencies and noise. 
The output of the demodulator and scjuelch 
50 is a voltage that is instantaneously pro- 
portional to iIk\ current flow in the conduc- 
tor 10. This voltage is applied to a low 
pass filter 51 for" further removing ex- 
traneous signals and then, is amplified by 
output, amplifier 52. While the output of 
the receiver 43 can be employed for meter- 
inu and relaying purposes, the signal is 
relativclv weak. Accordingly, another am- 
plifier 18. for example a transconductance 
feedback amplifier, can be. emploved not 
onlv for amplifying the voltage which varies 
according to the current flow in the con- 
i!tictor 10 but also to accommodate :oad cir- 
cuits or burdens having varying impedances 
but requiring fiir thc;ir proper operation the 
flow of predetermined current. A voltage 
amplifier can bt* used in connection with 
the output (if a.::plifier 52 to drive voltage 
ilepvMulcnt loads. 

■ Figs. 2 and 3 show the details of C4>n- 
struclion of the coaxial shiml 20. The 
terminal 55. preferably of a high conduc- 
livitv material, is employed having a termi- 
nal i^ad 56 to facilitate connection in the 
conductor 10. The other end of the termi- 
nal 55 is suitably connected to a collector 
rini! 57 that is secured to the upper end 
of the otiicr tubular conductor 23 for evenly 
distributing current into it. An insulating 
ring 58 is interposed between the upper ends 
of the inner and outer tubular ciMiductors 
21 and 23 to maintain ihcm in predeter- 
mined coaxial spaced relation. An upper 
terminal plate 50 of gO(xl coniluctinc ma- 
terial is ct>nnccied to the upper end of the 
inner tubular conductor 21 and it is con- 
necieil by a terminal 60. preferably a low 
comluctivitv material, which has a terminal 
pad 61 to' facilitate the connection to *hc 
conductor 10. The terminal 60 extends 
throuj!h a suitable opening 62 in the upper 
metallic end cap 20. Insulating rings ^>3 
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. at the upper and lower ends of the outer 
tubular conductor 23 serve to insulate the 
. end caps 29 and 30 therefrom. .Insulating 
bolls extend through the • lower terminal 
5 plate 22 arid the upper terminal plate 59 
and serve to hold them in spaced assembled 
relation and in good contact engagement 
with ih.; upper and lower ends of the inner 
tubular .conductor 21. A heat sink plate 
10 65 is provided for mounting the radio trans- 
• • mitter 25 thercion. It is located between 
insulating suppoa plates 66 which are car- , 
ricd by the tie bolts 64. By locating the 
radio transmitter 25 within the inner tubular 
15 conductor 21. it is electronui^netically^ and 
clectrostaticaMy shielded with respect to 
its own and adjacent* high power and high 
voltage circuits. 

Fig. 4 shows the circuit co;inections for 
20 the power supply 36. Here the conductor 10 
is shown in the primary winding for the . 
transformer 37 with the secondary winding 
39 located on the saturable core 38. Typi 
cal load currcn> rating of the conductor 10 
25 ranges from 600 to 2,000 amperes. When 
the current flow is less than a'out 50 amperes 
there is no particular need for an output 
for. relaying application and many metering 
applications^ Accordingly, the size of the 
30 core 38 and its characteristics were selec- 
ted so that a regulated output voltage pf 
about 12 volts is provided by the power 
supply 36 on flow of 50 amperes or more 
in the conductor 10. The core 38 is fabri- 
35 cated of a nickel-iron alloy which exhibits 
high permeability at very low magnetizing 
, force, and saturates at a relatively low flux / 
density. High flux density at low mag- 
netizing force is necessary to pnxluce ade- 
40 quale vollage and power output |»l low 
values of line current. A permeability of 
approximately 100.000 al a flux density of 
2.000 —4,000 gauss and a magnetizing 
force of .02- . 0*4 oersted produces the de 
45 sired result. Saturatiiin of the core at i 
flux density of approximately 6.(XX) 8^0(K) 
gauss elVcclivcly limits output voltage and 
power friun the transformer secondary to 
a level within the power handling capability 
50 of the limiting and filiering circuits at line 
currents up to lOO.O^K) amperes or more 
under fault conditions. Since the core is 
driven into extreme saturation the unfit- 
tered and unregulated transfiirmer second- 
55 ary output is extremely disloried. Provision 
is made for rectifyinu, filtering and regu- 
lating the output of the .secondary winding 
39. Ft>r this purpose there is pnwidcd a 
full wave rectifier 71 of the bridge type. 
60 The oulpui of the rectifier 71 is applied to a 
filler and limiler circuit 72 which includes 
a c?pacilor 73. series connected zener 
diodes 74 and a regulating resistor 75. The 
zcncr diixles 74 are arranged to break down 
65 on application thereto of a given voltage 



thereby together with the resistor 75 limit- 
ing the vollage that can be applied to the . 
voltage regulator 76. The capacitance of 
the capacitor 73Ja.wn junction with the 
impedance of the secondary winding 39 70 
provides a suitable RC time constant for 
the power supply 36 and the combination of 
the capacitor 73 and the zerier diodes 74 
controls the ripple in the output from the 
rectifier 71 that is within the range of the 75 
regulator 76 to accommodate and removie. 
The voltage regulator 76 is arranged to have 
an extremely good regulation and^low ripple 
output over the entire- ran^e of current flow 
likely to take place in the conductgr 10. 80 
This is of extreme importance since the 
frequency of the crystal controlled fre- 

3* uency modulated trimsmilter 26 is depen- 
ent upon the voltage of its supply and can . 
be maintained substantially at the desired 85 
center frequency only when the supply volt- 
age is /regulafed to within the limits men- 
tioned. As. pointed out, by substantially 
eliminating the ripple voltage, a constant 
vollage is provided for energizing the o.scil- 90 
lator 26 without applying extraneous modu- 
lation to the carrier frequency. This is the 
effect that could be obtained through the use 
of a battery soiree which is impractical un- 
der these circumstances due to inaccess- 95 
ability and problems in maintaining the 
battery fully charged. 

The output voltage of the regulator 76 
can be Viiried by a poterttiomeler 77. This 
adjustment provides for a variation in the 100 
output voltage of + or 10 ,* and allows 
coarse tuning of ihe transmitter to receiver 
frequency. ' 

As pointed out. it is desirable that the 
power supply 36 initiate the. functioning of 105 
the crystal ctmlrolled frequency nuxlulated 
transmitter 25 only when the energizing 
voltage therefor is at a predetermined value. 
Also it is necesiiry that transmission begin 
within a few milliseconds after initiation of HO 
current flow in the conductor 10. The 
transient response *>f ihe transformer 3.7 
and ass(K:iatcd elements of the power 
supply 36 is such that the required power 
for the 4>scillalor 26 is available wilhin a H5 
few milliseconds. In order to insure that 
the transmitter functions tmly under the 
proper operating conditiims, normally open 
contacts 79 are provided in the output cir- 
cuit from I he vi>ltage regulator 76. The con- 120 
tacts 1^ U^x\w a part of a voltage responsive 
relay having an energizing winding 80 that 
is connected through a variable resistor 81 
and icross the terminals of the filter and 
limiler circuit 72. The V4)ltace resp<>nsive 125 
relay employing the contacts 79 and winding 
80 can be a sensitive, hich speed, bounce- 
free switching device, such as a reed switch. 
If desired, a solid slate switch can be em- 
ployed to perform the switching function 130 
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• which connects the output of the voltage 
regulator 76^to energize the crystal con- 
trolled frequency modulated transmitter 25 , 
at the proper instant. ' 
5 When the current flow in*conductor 10 
drops below, the . threshold value, the wind- 
ing 80 is deencrgtzed sufficiently to permit 
opening of contacts 79. Until they open, 
the voltage regulator 76 maintains the- con- 
10 stant direct vpUage to the oscillator 26, 
thereby ^lolding it at the center frequency, 
until the contacts 79 are opened. 

Fig. 5 shows in detail the circuit connec- 
tions employed for the modulation control 
15 31 -and the c-y-ti; controlled frequency 
modufated oscillator 26. It will be recalled 
that the conductors 32 and 33 are connec- 
ted to spaced points 34 and 35 along the 
inner tubular conductor 21 where a voltage 
20 drop appears that Ifk directly proportional to 
and in phase with the current flow in the 
conductor 10. Since the coaxial shunt as- 
sembly is substantially noninduttive, this 
voltage drop is in phase with the cyrrcnt 
25 flow in the conductor 10. If that current 
flow is a direct current rather than an alter- 
nating current, then this voltacc drop is a 
direct function of the magnitude of ihc cur- 
rent flow in the conductoi' 10. The input 
' 30 from the coaxial shunt 2C is applied over 
conductors 32 and 33 . to modulate input 
control 31 whiclj comprises a network of 
resistors 82 and connections to which can, 
be varied to provide the de<iired voltage for 
35 applicalicm to a voltage controlled crystal 
oscillator 83. This voltage is limited by 
clipping zener Jiodcs 84 which arc connec- 
ted such that, rcuardless of the niagnitlKlc 
of the current flow in conductor 10. the 
40 voltage applied to the crystal oscillator 83 
does not cause it to transmh a signal to the 
receiver 43 nf such magnitude as io cause it 
to tend to operate l>cyond its pass band 
and thus provide an erroneous signal. 
45 It will be undcrsioi>d that the frequency 
of the vt»ll:ige ci>nlroIled crystal oscillator 
83 is a sub-harmonic 4)f the center frc- 
qucncv of the crystal ctintrolled frequency 
modulated transmitter 25 which is radiated 
50 to the antenna 42 of t^ic receiver 43. The 
t>scillaior output frequency is varied as a 
function of the analog voltage thereto from 
the modulation input control 31 which 
varies according to the magnitude of the 
55 current flow in the conductor 10. Associ- 
ated with the oscillator 83 is a driver 87 
and a tripler 88 which multiplies the fre- 
quency generated by the oscillator 83 to 
provicle the transmission frequency which is 
60 frequencv nnxlulatcd for example 4- or 
— 100 KC over the range of maximum cur- 
rent flow in the conductor 10. This band 
width should be relatively narrow with re- 
spect to the spacing of stations or inter- 
65 feiing signals in the frequency bands being 



used. This makes the system of the present 
invention readily applicable with the center 
frequency of the transmitter being chosen 
to lie somewhere between the center fre- 
quencies of adjacent commercial frequency 70 x 
modulated broadcast stations when this frc- . 
quency ' band is chosen. The frequency 
deviation- of the crystal controlled frequency ^ 
modulated transmitter 26 is proportional to 
current flow in conductor 10 to within at /5 
jeast + or — 1 % uplto full, modulation. 

An output circuit 89 is* associated with the 
triplcr 88. It includes a coupling trans- 
fonner 90 having a primary winding 91 
energized from the triplcr 88 and a second- 80 
ary winding 92 having a center tap 93 
which is grounded to the floalinp ground as 
indicated. The output of the second^iry 
winding 92 is applied to an antenna 
coupling circuU 97 and thence by conduc- 85 
tors 27 and 28 (o the metallic end caps 29 
and 30 which function as. the antenna for 
ihe purpose of radiating- the frequency 
modulated transmission signals. The out- 
pui power of the transmitter 25 may be 90 
higher than required luider .some conditions 
and the antenna coupling circuit 97 is ar-, 
ranged to attenuate the signal. The 
secondary winding *>2 ofl'crs a . relatively high 
impedance to the carrier frequency from the 95 
O'.cillatt^r 26 and a relatively low impedance 
to the normal power frequency of the con- 
ductor 10. Thus, the end caps 29 and 30 
are maintained substantially at the .same 
piUential and at llic potential of i'* • conduc- 100 
lor 10. 

The ct>rKitruction of the voltage controlled 
crystal oscillator 26 is such that it is operat- 
ing at center frequency within one . milli- 
:.;cond after closure of contacts 79 and '05 
thereby cner[!:i/;ition from ihe power supply 
36. 

Other voltage analog signals can be fed 
int.) the nioJuhiiion input control 31. For 
example, if a signal corresponding to the HO 
potential of the condiicti>r 10 is to be trans- 
nulled, then an analog of this potential is 
applied to conductors 32 and 33. In a 
similar manner stress variations in* the con-. 
iluct<H 10 or vibratitm thereof can be c<^n- 115 
vcrled to analog vollajzes and used to pull 
ihe osciliaior 83. Also a subcarrier fre- 
(|uency can be modulated by the anaK>g 
voltage of a variable and the corresponding 
signal used to nnxlulate the carrier fre- 120 
i|iiency of the transmitter 25. 

I"i):s. 6. 7 aHil 8 show the detailed circuit 
connecti(ms for the frequency mcxlulatcd re- 
ceiver 43. The receiver 43 is arranged for 
battery operation and crystal frequency con- 125 
trol. It employs principally solid state de- 
vices and circuitry to provide maximum 
.sensitivity, selectivity and minimum impulse 
noise disturbance. The hiph sensitivity is 
required since the available field strengths 130 
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tnay be limited depending upon the fre- 
quency band select^. Accordingly, the re- 
ceiver 43 is arranged to operate satisfactorily 
. at a field strength of the order of 50 micro 
5 volts per meter. Employing the circuit 
connections disclosed herein a relatively low 
noise figure for ■. the raJio frequency tuner 
, is obtained. 

It is contemplated that the system of the 
10 present invention may operate on trans- 
mission frequencies adjacent to relatively to 
strong commercial broadcast stations. 
Accordingly, the receiver 43 must have a 
' high degree of self^ctivity in order to avoid 
15 interference with r^'^nimcrcial stations arid 
the reception qt false signals. For this pur- 
pose ih? amplifier and nii?:er 45 includes a 
radio frcquencv double tun^d 'amplifier 100. 
Associated with the amplifier 100 is" the turt- 
20 able crystal oscillator 46 which generates a 
firequency that is applied to a mixer 101 ancl 
beats with the frequency m(xiulated signal 
from the amplifier 100 to generate an inter- 
mediate frequency signal which is carried 
25. by a coaxial conductor 102 to the crystal 
filter 47, Fig. 7. The crystal control in the 
receiver 43 "is employed to provitle A fixal 
frequency reference Sase. Thus the system 
is unlikely to drift as a result of temperature 
30 change as would a system splely u$ing tuned 
LC circuits. . 

The crystal filler 47 is designed to pro- 
vide high attenuation for frequencies ouiside 
its pass band while providing uniform rc- 
35 sponsc within the pass band with little, in- 
sertion loss. Hirre the crystal filter 47 is a 
restricted band pass crystal filler which is 
based .on the- proximity i)f an interfering 
coninfcrcial frequency modulated broadcast 
40 stalicm and its field slrenglh. The com- 
promise is made belwecn a maxin\um band 
width required for ginxl impulse noi.se per- 
formance and a relatively narrow band 
widlli for good selectivity. These cimsider- 
45 alii>ns arc of particular importance in areas 
having a high densily of commercial fre- 
quency modulated bri>adcasi stations and 
high ambient impul.se noise in the form of 
corcma and arcing. Further improvement 
50 in selectivity can be obtained by using ver- 
tical potarizalitm for the transmitter 25 
rather than horizontal polari/alion, depend- 
ing upon the polarization of the adjacent 
cc^nuuercial frequency mcxlidated broadcast 
55 r.t.ilion or other interfering signal. 

The output from the cry.sial filter 47 is 
applied to an intermediate frequency amp- 
lifier 103 which fi>rms a part of the amp- 
lifier and limiler 48. Associated with the 
60 intcjmediaie frecjucncy amplifier 103 is a 
limiler- 104 that is employed \o remove the 
ainpliiuJe modidaled component -of the re- 
ceived si.enal. The amplifier and liroiter 48 
are provided with an automatic gain control 
65 defector 105< which is connected by conduc- 



tor 106 to the double tuned amplifier 100 
shown in Fig. 6. The automatic gain control 
detector 105 also is connected to an auto- 
matic gain control amplifier 107 which has 
associated thereNvith a signal strength indi- 70: 
cator lOS., A switch 109 is employed in the 
indicator 108 for controlling the connection 
of an indicating meter 110 to the automatic 
gain control amplifier 107 for the purpose 
of occasionally determining the strength of 75 
the signal that is bein^ received and for 
checking* system operation. . As shown in 
Fig'. 8, a coaxial conductor 1 1 3 ' intercon- 
nects the limiter 104 with a second crystal 
'filter 49 the function of which is to further 90 
remove noise frequencies generated in the 
intermediate frequency amplifier 103 and 
limiter 104 due to limiting action. The' band 
pass of the crystal, filter 49 inust be nar- 
rower than that of the crystal filter 47 and 85' 
must be symmetrical about its center fre- 
quency for goixl noise performance. The 
output of the crystal filler 49 is applied to 
a demodulator 114 which is, connected by a 
conductor 115 Ao the funing and signal 90 
strength indicator 108 shown in Fig. 7. The 
demodulator J 14 is arranged to generate 
aci-oss a potentiometer 116 a voltage which 
corresponds instantaneously in maonitude • 
and phase with the current flow in the con- 95 
ductor 10. The output level, of the de- 
modulator 114 as represented acro.ss the 
potentiometer 115 is applied over a conduc- 
tor IIK for further amplification to be des- 
cribed. Respimse of the receive- 43 to the 100 
sudden sensing of a carrier signal, due to 
the iransmittcr 25 becoming operable when 
the current in conductor 10 rises above the 
threshold level, is a critical part of the sys- 
tem. The squelch circuit design and re- 105 
ceiver transient response ^must be such that 
no unwanted transients ap|x:ar in the output 
4>f the receiver 43 due t*) the sudden appear- 
ance of a carrier signal. The receiver out- 
put must contain only those transients in. HO 
the sensed current and not those generated 
in the receiver 43. The radio frequency 
amplifier tuned circuits 45. IF amplifier 
tuned circuits 48. demtxhilalor circuits 50. 
and the filters must yield a balanced or zero 115 
output when no carrier is present and only 
ambient noise is being received. The output » 
must also be balanced abtnit zero v^ilh no 
rX" 4)(Tset when the carrier is suddenly re- 
leived. These requirements necessitate care- 120 
ful adjustment and stability of all these com- "* 
ponenis so that the noise balance and car- 
rier fre(iucncy balance of the receiver 43 
remain fixed. 

It is desirable, when the current in con- 125 
ducti>r 10 increases so as to cross the 50 
ampere threshold turn on level for the radio 
tmnsmitler 25, that there be a slicht lime 
dclav in the application of the voltape ap- 
plied to the circuits to be controlled, thereby 130 
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in order to ensure that the crystal conlrollcd 
frequency modulated trknsmilter 25 .is 
operating' substantially . at the center fic- 
quency and that a* reliable signal is obtained. 

;^ 5 JForjhis purpose a squelch circuit 119 is em- 

T'^'" ployed. " It is. connected by "conductor 120 
to the automatic gain control amplifier 107 
The squelch circuit 119 includes a relay that 
is indicated, generally, at 121 and has an 

10 operating winding 122 and normally open, 
contacts 123. . The contacts 123 are arranged 
to be closed a short time of the order of I 
to 8 milliseconds after appearance of a car- 
rier signal. At. the end of this time interval, 

15 under normal openiiing cphditions. the fre- 
/ quency modumied transmitter 25 will be 
^ operating at ks centerfrequency. The signal 
applied over conductor 118 is essentially a 
60 cycle voltage signal where the current 

20 flow in the conductor JO is a 60 cycle. alter- 
nating current. However, the magnitude of 
this signal is relatively weak. (Accoruingly, 
it is amplified by »he butput amplifier 52 
after passing through the low pass filter 51. 

25 The low passTiltcr 51 is applied where the 
noise output due to internally generated re- 
ceiver noise and ambient station impulse 
noise* are limited only by the RF circuits in 
the receiver 43. Noise pulses, therefore, re- 

30 lain mOst of this high fret|uency energy and 
allow more eflficient filtering action by the 
low pass filter 51; Ine output amplifier 52 
may have a relatively low upper cutoff fre- 
quency and tend to "spread;* the noise 

35. pulses. Therefore* filtering before amplifi- 
cation is desirabU. For relayina a low pass 
(liter having minimum delay and phase shift 
is used! For metering applications, a nar- 
row 60 cycle bandpass filter, can be used to 

40 eliminate all' noise components. 

The output of the amplifier 52 is applied 

' to a primary windinu 124 of an output tnms- 
formcr 125 which has a secondary winding 
126 that is connected by conductors 127 and 

45 128 to relays or the terminals 131. 132 of 
amplifier 18. Fig. 9, or to other burden as 
may be desired. The output amplifier 52* 
has a frequency respon.se adequate to pass? 
the direct current component of an 

50 ass vmelrical fault current. 

If the impedance of a current responsive 
burden ti> which the output of the receiver 
43 is applied varies over a wide range and 
where a greater power output is required, 

55 the output from the output amplifier 52 can 
be annlied ti> the transconduclance feedback 
amplifier 18 .shown in Fic. 0. As pointed 
out hereinbefore the feedback amplifier 18 
at the output terminals 131 and 132 provides 

60 an oi:tput current thai is proportional to the 
input voltage from the output amplifier 51 
reJ!ardlcK!^ of the impedance of the meterinc 
and /or relayini! circuits within the limits of 
the desicn of the amplifier 18. 

65 The power output of the transconductnnce 



feedbacK amplifier 18 is adequate to* drive a 
variety of solid sfihc relays or conventional, 
indicating or recording mstruments. It is 
inherently linear and stable due to its feeid- 
back design and connections over its entire 70 
"operating range. - Over a more limited range — ^- 
accuracy required for metering can be ob- 
tained. This performance is maintained 
over typicil ambient temperature extremes. 

While Iho transconductance feedback 75 
amplifier 18 is normally desiijned for a • 
specific impedance range for ihe metering 
and/or relaying circuits, it operates ess en- 1 
tially as a, current transformer with respect 
to the short circuiting of its output termi- 80 
nals. Also, it can be open circuited without ' 
damage to^lhc amplifier and connected 
equipment o? personnel. 

The amplifier 18 is provided with de- 
coupliTig and. isolating circuits which per- 85 
mil the output to be substantially indepen- 
dent of the power supply voltage. Supply 
voltage is provided by a batterv, the output 
voltage of which is subject Jo the usual long 
term variations/ transient disturbances, and 90 
charger ripple fluctuations. Typical slow 
or sudden changes in the voltage from the 
.supply bjittcrv prixlucc no change in output 
of the amplifier 18 due to these chances. 

The transconductance amplifier 18, pro- 95 
vi(Hng a current output, is U5^cd only when 
current responsive loads or output devices* 
arc used. When a voltace responsive de- 
vice is used, a vollape source must be used. 
Output voltage must remain fix*-* as load 100 
impcvlance varies up to the rated power 
output of the amplifier. This reauires a 
low' dynamic output impedance whfch cen- 
crally cart be accomplished bv strong, nerra- 
tive voltage feedback. Linearity, stability, 105 
accurqcv and power supply current re- 
quirements are similar to 'tho.se for the 
transconductance amplifier 18. 

In our Patent Annlicafion No. 52229/67 
(Serial No. 1.121.720) which has been di- 110 
vided from the present application there is 
described and claimed means for transmit- ' 
line a signal correspondinu to the current 
flow in a high, voltage alternatinc current 
power transmission conductor comprising a 115 
frecniency mcHlulation radio transmitter on 
said conductor., means for energizing said 
transmitter, and means for frequencv modu- 
lating Ihe output of said transmitter as a 
function of the current flow in said conduc- 120 
tor. 

WHAT WE a.ATM IS: — 

I. Means for transmittini; a signal cor- 
respi)ndinc to the mannitude of a variable 
at the potential of a hiuh voltace conductor 125 
and for rcceivinc .said sif»nal at a remote 
point at ground potential comnrislnc a 
radio transmitter adapted to opcraic at the 
potential of said conductor and to be modu- 
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lated by said variable to transmit said sig- 
nal, a radio receiver at said remote 
point responsive to said signal from 
said transmitter to provide an output ' 
5 corresponding to said variable, said trans- 
mitter including means normally non-con- 
ducting and rendered conducting when said 
variable reaches a predetermined value to 
cause said transmitter to transmit to said 

10 receiver, means responsive to the output of 
said receiver, and said 'receiver including 
means normally non-conducting and ren 
dcred conducting a predetermined time after 
application of said signal to said receiver to" 

15 apply said output to said output responsive 
, r;eans. . .^♦^ 

2. The "--nul receiving and transmitting 
means according, to Claim 1 wherein said 
.normally non-conducting means in said re- 

20 ceiver comprises a squelch circuit that is 
operable only when said transmitter oper- 
ates substantially at its normal frequency 
and output. . , 

3. The signal transmitting and receiving 
25 means according to Claim 2 wherein said 

squelch circuit is operable only when said 
transmitter operates substantially at its cen- 
ter frequency. * . . 
'4. The signal transmitting \\nd receiving 

30 means accorj^ing to any of Claims 1. 2 and 
, 3 wherein said normally non-coriduclin;! 
means of Aid transmitter comprises a relay 
having normally open contacts arranged to 
be closed when said variable reach9s a pre- 

'^5 dctcrmintjd value to complete an energizing 
circuit for said lr;msmittcr. , 

5. . The signal transmitting and reccivmg 
means according to any of Claims i to 4 
wherein said high vollagc^conductor is a cur- 

40 rent carrying electric power transmission 
condubtor. ... 

6. 1 he signal transmitting and receiving 
means according to Claim 5 wherein means 
arc provided for deriving a voltage from said 

45 current in said conductor for application to 
said transniiiicr for energizing it only when 
s*iid voltage is at a predetermined value. 

7. The signal transmitting and receiving 
means according to any of the foregoing 

50 Claims wherein siiid transmitter is energized 
by direct current, and regulating means 
maintains the voltage of said direct current 
at a substantially ct)nslant value. 

8. The signal transmitting and receiving 
55 means according to any of the foregoing 

Claims wherein alternating current flows in 
said conductor, an alternating voltage is de- 
rived from said alternating current, rectify- 
ing and filtering means convert said alter- 
60 naling voUage to a direct voltage substan- 
tially free of ripple, and regulating means 
niaintains said direct voltage at a substan- 
tially constant value for energizing the trans- 
mitter. 

65 9. The signal transmitting and receiving 



means according to any of the foregoing 
Claims wherein said i.-ansmitter is charac- 
terised by reaching its normal frequency and 
output within a relatively short time with 
respect to the rate of change of^ Id _,Vdij-_,70 
able. , . , \ . 

10. The signal transmittmg and receiv- 
ing means according to any one of the fore- 
going Claims/wherein said transmitter an d 
receiver arc frequency modulated. "^5 
. 11. The signal transmitting and receiving, 
means according to any of the foregoing 
Claims wherein said transmitter and receiver 
are crystal controlled, md said* receiver is 
characterized by being tunable oyer a nar- 
row frequency- rangei • . 

12. The signal transmitting and . receiving 
means according to any of, the foregoing 
Claim s wherein said receiver includes: inter- 
iiiHllate frequency amplifier and limiter 
means, and noise suppresJiion means com- 
prising input band pass filter means to said 
amplifier and limiter means, output band 
pass fiUer means from said amplifier and 
limiter means, and low pass filter means in 
the output of said. receiver. 

13. The signal transmitting and receivinir 
means according to claim 2 and claims ap- 
pendant thereto, wherein said squelch circuit 
has contacts for completing a circuit to the 
receiver' output. 

14. The signal transmitting and receiving 
means according to, any of the foregoing 
Claims wherein said radio Iransmillcr i« 
located wilhm a tubular conductor connec- 
ted in series with said high voltage conductor 
whereby it is sliieklcd -fro: ' the electro- 
macnctic field generated by current ftpw in 
said conductor. 

15. The signal transmiUing and receiving 105* 
means according to Claim 14, wherein end 
caps are positioned at the ends of .said tubu- 
lar conductor, act as a tuned, antenna for- 
said transmitter, together with said tubular 
conductor provide eleclnislatic shielding for HO 
saitl transmitter, and are of non-corona emit- 
ting .shape. 

16. • The signal transmitting and receiv- 
ing means according to Claims 14 and 15 
wherein an outer tubular conductor is con- 
centric and coextensive with said tubular 
conductor, and means interconnect said 

s tubular conductors at one end and they are 
inlerpo.scd in scries with s;iid line conductor 
at their other ends whereby line current 120 
flows in opposite directions in said tubular 
conductors parallel to the axis thereof to 
ncutrali/e the clcctromagneiic fields gener- 
ated by current flow throuph said conduc- 
tors, to provide a non-inductive current 
carrying structure and to shield said trans- 
mitter from external electromagnetic fields ^ 

17. The sicnal transmitting and receiving 
means according to Oaim 16 wherein a 
voltage drop along at least or ? of said con- 
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. ductors instantaneously proportional to cur* means according to Claim I wherein said 45 

rent flow therethrough is tae variable for receiver Is a frequency modulation receiver 

modulating the transmitter. . for receiving a carrier frequency from said 

18. The si^al transmitting and receiving radio transmitter frequency modulated in 
5 .means accordmg to Claim 16 wherein one accordance with current flow in said high 

of said tubular conductors is formed of rela- voltage current carrying electric power trans* SO 

tively high, resistivity material the voltage mission conductor and applying the received 

drop , along which is- instantaneously pro^ demodulated d^al to output device means, 

porticnal to the current flow^ therethrough *and means are provided for excluding from 

10 and constitutes the variable to mcKlulate the the receiver p\itput spurious transients not - 

transmitter. incident to current flow in said conductor, 55 

19. The signal transmitting and receiving said means comprising demodulator means 
means., according to any of the foregoing to provide said demodulated signal from .the 
Claims wherein a power supply means for received freuuency modulated carrii5f^re- 

15 said radio transmitter comprises a ,corc of quency, aniiJlifier means for amplifying said 

magnetic mat.: lui tor linking'sald'Kigh volt-/ dem signal for appli'ciilion to said 60 

age conductor and characterized by having output* device means, squelch circuit means 

high induction at relatively low line current responsive io receipt of said carrier fre- 

and saturable at relatively low flux density, quency for applying said demodulated signal 

20 a secondary winding linking sai^/ core and to' ' said amplifier means , a predetermined 

into which^an alternating voltage' is induced time after receipt of said carrier frequency 65 

on current flow in said conductor, a bridge having a predetermined flcld strength, and 

rectifier connected' across said secondary filter means:' . 

. winding, voltage regulating means energized 22. The signal transmitting and receiv- 

25 from said bridge rectifier to provide dirc):t ing means according to ClHim*21 wherein 

current at substantially constant voltage for said amplifier means includes feedback amp- 70 

energizing said transmitter, voltage limiting lifying means. — 

means interposed between said bridge recti- 23. The signal transmitting and receiving 

^ ficr and said regulating means to prevent means according to Claim 22 wherein said 

30 application to the latter of a voltage above feedback ^amplifying means provides an out- 

a predetermined value by the' former, and put current, proportional to the input signal 75 

fiUcring means interposed between said and independent of the load impedance, 

bridge rectifier and said regulating me;ms to . 24. The signal transmitting and receiving 

supply direct current, to the latter substan- means according to Claim 22 wherein said 

35 . tially free of ripple. ' feedback amplifying means provides an out- 

' 20. The signal 'transmitting and receiving put voltage propi>rtional to the ..iput signal 80 

means according to Claim 19 wheririn s:iid and independent of the load impedance, 

core is fabricated of a nickel-iror^ alloy 25. Signal transmitting and receiving 

having a permeability of approximately means substantially as hereinbefore des- ^ 

40 100,000 at a flux density of 2000 — 4000 cribcd, having reference to the acconripany- 

^ gauss and a magnetizing force of 0.02-^.04 ing drawings. * 85 

oersted and saturable at a flux uensity of * MARKS & CI-ERK. 

approximately 6000 — 8000 gauss. Chartered Patent Agents, 

21. The signal transmitting and receiving Agents for the Applicants. 
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